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METHOD OF MANUFACTURING FERROELECTRIC MEMORY DEVICE 
Field of the invention 

The present invention relates to a ferroelectric 

memory device; and, more particularly, to a method for 

fabricating the ferroelectric memory capable of preventing 

a deformation or lift of an electrode by using a heat 
treatment process. 

Description of Related Arts 



A semiconductor memory device using a ferroelectric 
material as a storage capacitor and a development of the 
15 device has been progressed in order to alleviate a refresh 
problem required to a prior dynamic random access memory 
(DRAM). A ferroelectric random access memory (FeRAM) 
device using such a ferroelectric material is one of non 
volatile memory devices which have such advantages as 
20 keeping a stored data maintained even on power-off 
condition and competing with the prior DRAM device in terms 
of an operation speed. Accordingly, the FeRAM device is 
promised to be a next generation memory device. 

Such materials as (Bi, La),Ti30,2 (BLT) , SrBi.Ta^Os 
(SBT), SrBi2(Tai-,, NbJ^Og (SBTN) , and (Pb, Zr)Ti03 (PZT) 
are usually used for forming a film of the ferroelectric 
material for the FeRAM device. Such a metal as platinum 
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(Pt), iridium (Ir), ruthenium (Ru) or platinum (Pt) having 
a superior resistance to an oxidation is used for an upper 
and lower electrode of a storage capacitor at a high heat 
treatment process for the ferroelectric film formation. A 
5 barrier metal layer and a plug for a storage node contact 
are buried inside an inter layer dielectric film for the 
purpose of preventing a diffusion between the lower 
electrode constituted with the metal mentioned above and 
the plug. 

1 is a cross-sectional view showing a 
conventional ferroelectric memory device. As shown, a 
first inter layer dielectric film 11 is formed on a 
semiconductor substrate 10 and a tungsten plug 12 for the 
storage node contact contacting to the semiconductor 
15 substrate is formed inside the inter layer dielectric film 
11. The lower electrode 14 is formed over the plug 12 and 
a predetermined area of the first inter layer dielectric 
film 11 around the plug 12. A barrier metal layer 13 
buried inside the first inter layer dielectric film is 
20 formed between the plug 12 and the lower electrode 14 and a 
second inter layer dielectric film 15 is formed over the 
first inter layer dielectric film 11, wherein the second 
inter layer dielectric film is laterally arranged to the 
lower electrode 14. Herein, an upper surface of the lower 
25 electrode 14 should not be covered by the second inter 
layer dielectric film. Also, a ferroelectric film 16 is 
formed over the lower electrode 14 and the second inter 
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layer dielectric film 15. The upper electrode 17 is then 
formed on the ferroelectric film 16 deposited on the lower 
electrode 14. A third inter layer dielectric film 18 is 
formed over an upper area of the ferroelectric film 16 and 
5 a predetermined area of the upper electrode 17. A wire 19 
contacting to an inner side of the third inter layer 
dielectric film 18 and a predetermined upper area of the 
upper electrode 18 is formed. Herein, the lower electrode 
14 is generally constituted with the metal, i.e., such 
10 metal as Pt, Ir, Ru, or Pt and the first, second, and third 
inter layer dielectric film 11, 15 and 18 are all formed 
with a oxide layer. Also, a glue layer constituted with a 
metal oxide could be formed between the lower electrode 14 
and the first inter layer dielectric film 11, wherein the 
15 glue layer is not illustrated and used to improve an 
adhesion between the lower electrode 14 and the first inter 
layer dielectric film 11. 

However, in the conventional ferroelectric memory 
device, since the side wall of the lower electrode 14 is 
20 covered by the second inter layer dielectric film, and the 
lower electrode 14 is subjected to a different thermal 
expansion rate between the lower electrode 14 metal and the 
inter layer dielectric films 11, a strong compressive 
stress is exerted to the lower electrode 14 at a deposition 
25 and heat treatment process for a ferroelectric layer 
formation 16. As a result, not only a deformation and lift 
of the lower electrode 14 but also an exposure and 
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oxidation of the barrier metal layer 13 which are caused by 
the lift of the lower electrode 14 can occurs. Furthermore, 
a failure in the storage node contact may happen. 

5 Summary of the Invention 

It is, therefore, an object of the present invention 
to provide a method for fabricating a ferroelectric memory 
device effectively preventing a deformation and lift of a 
10 lower electrode caused by a different thermal expansion 
rate between a lower electrode and a inter layer dielectric 
film at a succeeding heat treatment process. 

In accordance with an aspect of the present invention, 
there is provided the method for fabricating ferroelectric 
15 memory device, including: forming a lower electrode on a 
predetermined surface of a semiconductor substrate; forming 
a metal oxide layer over a surface of the lower electrode 
and a surface of the semiconductor substrate; forming an 
inter layer dielectric film over the metal oxide layer; 
20 performing a blanket etching for the inter layer dielectric 
film and the metal oxide layer in order to expose an upper 
surface of the lower electrode; and forming an opening 
which has a predetermined depth, wherein the opening is 
obtained by removing only the metal oxide layer between the 
25 inter layer dielectric film and the lower electrode through 
a selective etching process. 
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Brief Description of the Drawings 



Other objects and aspects of the invention will 
become apparent from the following description of the 
5 embodiments with reference to the accompanying drawings, in 
which: 

Fig. 1 is a cross-sectional view showing a 
conventional ferroelectric memory device; and 

Figs. 2A to 2D are successive cross-sectional views 
-10 showing a method for fabricating a ferroelectric memory 
device in accordance with a preferred embodiment of the 
present invention. 



Detailed Descripti on of the Preferred Embodiments 
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Hereinafter, an inventive ferroelectric memory device 
and a method for fabricating the ferroelectric memory 
device capable of effectively preventing a deformation and 
lift of a lower electrode caused by a different thermal 
20 expansion rate between a lower electrode and a inter layer 
dielectric (ILD) film at a succeeding heat treatment 
process will be described in detail referring to the 
accompanying drawings. 

Figs. 2A to 2D are successive cross-sectional views 
25 showing a method for fabricating the ferroelectric memory 
device in accordance with a preferred embodiment of the 
present invention. 
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Referring to Fig. 2A, a first inter layer dielectric 
film 21 is formed over a semiconductor substrate 20 and a 
contact hole for a storage node is formed by etching a 
predetermined area of the first inter layer dielectric film 
21. A tungsten is deposited in the contact hole of the 
first inter layer dielectric film and eventually, a 
tungsten plug 22 for the storage node is formed after 
performing an etch-back or chemical mechanical polishing 
(CMP) process, wherein a predetermined height of the 
contact plug 22 is smaller than the depth of the contact 
hole and an extra space formed in the difference between 
the height of the contact plug 22 and the depth of the 
contact hole is filled up with a TiN to form a barrier 
metal layer 23. The barrier metal layer 23 is completely 
formed after performing a blanket etching adopting the etch 
back process or the CMP process for exposing the first 
inter layer dielectric film 21. As a next step, metal 
layers for forming the lower electrode is formed over an 
entire surface of the first inter layer dielectric film 21 
and the barrier layer 23, wherein the metal layer is 
constituted sequentially with an iridium (Ir) layer, an 
iridium oxide (irOx) layer and a platinum (Pt) layer. The 
Pt layer, the IrOx layer and the Ir layer are patterned and 
thus, the complete lower electrode 24 having a stack 
pattern of Pt/IrOx/Ir layer is formed. A glue layer could 
be formed to improve an adhesive property between the lower 
electrode 24 and the first inter layer dielectric film 
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before forming the lower electrode 24 even though the glue 
layer is not illustrated. A metal oxide layer 25 having a 
thickness of about 1 A to about 500 A is formed on a 
surface of the lower electrode 24 and the first inter layer 
5 dielectric film 21. At this time, a width of an opening 
which will be formed by a succeeding process can be 
controlled by varying the thickness of the metal oxide 
layer 25. Herein, the metal oxide layer 25 is formed by 
depositing one of such materials as an AI2O3 layer, a TiOz 
10 layer, a TaOj layer, a ZrOa layer and a HfOs layer. 

A second inter layer dielectric film 26 is formed on 
an entire surface of the above substrate. Next, a blanket 
etching process adopting the etch back process or CMP 
process is carried out in order to expose the lower 
15 electrode 24. As a result, such structure as shown in Fig. 
2B is obtained. 

Referring to Fig. 2C, the opening, which will be used 
as a buffer for the second inter layer dielectric film 26 
and the lower electrode 24 at a heat treatment process, is 
20 formed between the second inter layer dielectric film 26 
and the lower electrode 24 by carrying out a wet selective 
etching process. At this time, one etching solution 
containing at least one chosen among a sulfuric acid, 
nitric acid and phosphoric acid, or the other etching 
25 solution containing an ammonia (NH4OH) liquid or a hydrogen 
peroxide {H2O2) liquid is used for the wet selective 
etching process, and a concentration of the etching 
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solutions range from about 0 % to about 50 %, 

In addition, the depth of the opening can be 
controlled by varying an etching time. 

Referring to Fig. 2D, a ferroelectric layer 28 is 
formed on the lower electrode 24 and second inter layer 
dielectric film 26 by carrying out a deposition process 
such as a spin-on glass. At this time, the ferroelectric 
layer 28 is formed by using one of (Bi, La)4Ti30i2 (BLT) , 
SrBi2Ta209 (SBT) , SrBi2(Tal-x, m>K) 2O9 (SBTN) and (Pb, 
Zr)Ti03 (PZT) . Eventually, an uniform ferroelectric layer 
28 is formed over the lower electrode 24 and second inter 
layer dielectric film 2 6 comprising the opening, so that 
the opening 27 secures enough space to serve as a heat 
expansion buffer. A heat treatment process is performed to 
mitigate stress exerted on the deposited layers. Herein, 
the opening 27 formed between the lower electrode 24 and 
the second inter layer dielectric film 26 acts as a means 
capable of mitigating the stress exerted on the lower 
electrode 24 when the lower electrode 24 can be subjected 
to a heat expansion at the heat treatment process. As a 
result, the deformation and lift of the lower electrode, 
which can be often seen in the conventional ferroelectric 
memory device, do not happen due to the opening 27 acting 
as the buffer. 

As a next step, an upper electrode 2 9 is formed on 
the ferroelectric layer 28, and a third inter layer 
dielectric film 30 is formed over an entire surface of the 
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above substrate. 

A contact hole for an electrical line 31 is then 
formed by etching the third inter layer dielectric film 30. 
At this time, a predetermined area of the upper electrode 
29 is exposed. A metal layer is deposited over the entire 
surface of the resulting structure and connected to the 
upper electrode 29. As a result, the contact hole is 
buried by the metal layer, and the complete electrical line 
31 is formed after carrying out a patterning process for 
removing an predetermined area of the metal layer. 

In conclusion, the structure of the present invention 
is contrived to prevent the deformation and the lift of the 
lower electrode, wherein the deformation and lift is caused 
by the stress exerted at the lower electrode. To alleviate 
those drawbacks, the opening 27 acting as the heat 
expansion buffer is formed between the lower electrode and 
the second inter layer dielectric film. 

Although the preferred embodiments of the invention 
have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, 
without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 



